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tjFART MAPPING CATHETEJL. 1 


Cross-Reference to Related U.S. Cases 
5 The present application is related to copending U.S. Patent 

Application serial number, not available, filed, not available, 
disclosing a method of using the heart mapping catheter apparatus 
disclosed herein. 

Technical Field 

10 The present invention relates generally to endocardial 

catheters which can be used to map the electrical activity of the 
heart, and more particularly to a multiple electrode catheter and 
its method of manufacture. 

Background Art 

15 Cardiac arrhythmias can be treated pharmacologically, 

surgically, or by the implantation of a medical device. In the 
case of a tachycardia it is now commcn to perform endocardial 
mapping to determine the origin and mechanism of the arrythmia 
prior to selecting a therapeutic approach. Endocardial mapping 

20 can also be used to monitor or assess the efficacy of a therapy 
once selected and delivered. 

Traditionally endocardial mapping techniques involve the 
introduction of one or more catheters into the patient, advancing 
the catheters through a blood vessel and placing the catheters in 

25 a heart chamber. Once located in the heart, the electrode or 

electrodes of the catheters are pressed against the endocardial 
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surface to record the electrical potential of the cardiac tissue 
at that electrode site. Single electrode contact systems are 
tedious to use but they do not interfere with the normal blood 
flow through the heart. Multiple electrode contact systems are 
also available to permit simultaneous mapping of potentials from 
several electrode sites. However some of these systems block 
blood flow through the heart. Multiple electrode systems which 
do not interfere with the blood flow, and which do not contact 
the surface of the heart are also known, although these systems 
do not permit a high resolution map of the endocardial surface. 

U.S. Patent 4,649,924 to Taccardi teaches a catheter which 
is inserted into the heart chamber. The distal end of this 
cav.heter is formed into an elliptical shape which is much smaller 
than the heart chamber. The multiple electrodes on the surface 
of -his ellipsoid may be used to detect the electrical potential 
produced by the area of the endocardial surface proximate each 
individual electrode. Accurate measurements require that the 
electrodes do not touch the endocardial surface. This type of 
catheter floats freely in the heart chamber but will typically 
touch the walls of the beating heart. The constant motion of the 
catheter and contact with the walls frustrates accurate 
measurement of the cardiac potentials. Therefore these prior non- 
contact mapping and in-contact mapping catheters compromise the 
accuracy of the resultant map with the ease of use. Therefore 
there is a need for a catheter which can be used to develop an 
accurate representation of the electrical activity of the heart. 


Summary Disclosure of the Invention 
The mapping catheter assembly 10 includes a flexible lead 
body 12 connected to a deformable distal lead body 14. The 
deformable distal lead body 14 can be formed into a stable space 
filling geometric shape after introduction into the heart cavity 
20. This deformable distal lead body 14 includes an electrode 
array 16 defining a number of electrode sites. The mapping 
catheter assembly 10 also includes a reference electrode 
preferably placed on a reference catheter 18 which passes through 
a central lumen 22 formed in the flexible lead body 12 and the 
distal lead body 14. The reference catheter assembly 18 has a 
distal tip electrode assembly 29 which may be used to probe the 
heart wall. This distal contact electrode assembly 29 provides a 
surface or subsurface electrical reference for calibration. The 
physical length of the reference catheter 18 taken with the 
position of the electrode array 16 together provide a reference 
which may be used to calibrate the electrode array 16. The 
reference catheter 18 also stabilizes the position of the 
electrode array 16 which is desirable. 

These structural elements provide a mapping catheter 
assembly which can be readily positioned within the heart and 
used to acquire highly accurate information concerning the 
electrical activity of the heart from a first set of preferably 
non-contact electrode sites and/or a second set of in-contact 
electrode sites. 

Brief Description of the Drawing 


An illustrative example of the invention is shown in the 
drawing. Throughout the various figures of the drawing identical 
numerals refer to identical structure. 

FIG.l is a view of the catheter assembly placed in an 

endocardial cavity. 

FIG. 2 is a schematic view of the catheter assembly. 

FIG. 3 is a view of the mapping catheter with the deformable 
lead body in the collapsed position. 

FIG. 4 is a view of the mapping catheter with the deformable 
lead body in the expanded position. 

FIG. 5 is a view of the reference catheter. 

FIG. 6 is a side view of an alternate reference catheter. 

FIG. 7 is a side view of an alternate reference catheter. 

FIG. 8 is a perspective view of an alternate distal tip. 

Detailed Disclosure of the Invention 
FIG.l shows a portion of the 'mapping catheter assembly 10 
placed into a heart chamber 20. The mapping catheter assembly 10 
includes a reference catheter 18 and a array catheter 11. In 
FIG.l the array catheter 11 has been expanded through the use of 
a stylet 32 to place the electrode array 16 into a stable and 
reproducible geometric shape. The reference catheter 18 has been 
passed through the lumen 22 of the array catheter 11 to place a 
distal tip electrode assembly 29 into position against an 
endocardial surface. In use, the reference catheter 18 provides 
a mechanical location reference for the position of the electrode 


array 16, and the tip electrode assembly 29 provides an 
electrical potential reference at or in the heart wall for the 

mapping process. 

Although the structures of FIG.l are preferred there are 
several alternatives within the scope of the invention. The 
principle objective of the preferred form of the catheter system 
is to reliably place a known collection of electrode sites away 
from the endocardial surface, and one or more electrode sites 
into contact with the endocardium. The array catheter is an 
illustrative structure for placing at least some of the electrode 
sites away from the endocardial surface. The array catheter 
itself can be designed to mechanically position one or more 
electrode sites on the endocardial surface. The reference 
catheter is a preferred structure for carrying one or more 
electrode sites and may be used to place these electrode sites 
into intimate contact with the endocardial surface. 

It should be understood that the reference catheter could be 
replaced with a fixed extension of the array catheter and used to 
push a segment of the array into the endocardial surface. In this 
embodiment the spherical array maintains the other electrodes out 
of contact with the endocardial surface. 

FIG. 2 shows the preferred construction of the mapping 
catheter assembly 10 in exaggerated scale to clarify details of 
construction. In general, the array catheter 11 includes a 
flexible lead body 12 coupled to a deformable lead body 14. The 
deformable lead body 14 is preferably a braid 15 of insulated 


wires, several of which are shown as wire 33, wire 34, wire 35 
and wire 36. An individual wire such as 33 may be traced in the 
figure from the electrical connection 19 at the proximal end 21 
of the flexible lead body 12 through the flexible lead body 12 to 
the distal braid ring 2 3 located on the deformable lead body 14. 
At a predetermined location in the deformable lead body 14 the 
insulation has been selectively removed from this wire 33 to form 
a representative electrode site 24. Each of the several wires in 
the braid 15 may potentially be used to form an electrode site 
Preferably all of the typically twenty-four to sixty-four wires 
in the braid 15 are used to form electrode sites, wires not used 
as electrode sites provide mechanical support for the electrode 
array 16. In general, the electrode sites will be located 
equidistant from a center defined at the center of the spherical 
array. Other geometrical shapes are possible including 
ellipsoidal and the like. However, it is generally desirable to. 
have the electrode sites positioned in a spherical array. 

The proximal end 21 of the mapping catheter assembly 10 has 
suitable electrical connection 19 for the individual wires 
connected to the various electrode sites. Similarly the proximal 
connector 19 can have a suitable electrical connection for the 
distal tip electrode assembly 29 of the reference catheter 18 or 
the reference catheter 18 can use a separate connector. The 
distance 30 between the electrode array 16 and the distal tip 
assembly 29 electrode can preferentially be varied by sliding the 
reference catheter through the lumen 22, as shown by motion arrow 


25. This distance 30 may be "read" at the proximal end 2 1 by 
noting the relative position of the end of the lead body 12 and 
the proximal end of the reference catheter 18. 

FIG. 3 is a view of the mapping catheter with the deformable 
lead body 14 in the collapsed position. 

FIG. 4 shows that the wire stylet 32 is attached to the 
distal braid ring 23 and positioned in the lumen 22. Traction 
applied to the distal braid ring 23 by relative motion of the 
stylet 32 with respect to the lead body 12 causes the braid 15 to 
change shape. In general, traction causes the braid 15 to move 
from a generally cylindrical form seen in FIG. 3 to a generally 
spherical form seen best in FIG.l and FIG. 4. 

The preferred technique is to provide a stylet 32 which can 
be used to pull the braid 15 which will deploy. the electrode 
array 16. However, other techniques may be used as well 
including a balloon which could be inflated under the electrode 
array 16 thereby causing the spherical deployment of the array 
16. Modification of the braid 15 can be used to control the 
final shape of the array 16. For example an asymmetrical braid 
pattern using differing diameter wires within the braid can 
preferentially alter the shape of the array. The most important 
property of the geometric shape is that it spaces the electrode 
sites relatively far apart and that the shape be predictable with 
a high degree of accuracy. 

FIG. 5 shows a first embodiment of the reference catheter 18 
where the distal electrode assembly 29 is blunt and may be used 


to make a surface measurement against the endocardial surface. 
In this version of the catheter assembly the wire 37 (FIG.l) 
communicates to the distal tip electrode and this wire may be 
terminated in the connector 19 . 

FIG. 6 shows an alternate reference catheter 38 which is 
preferred if both surface and or subsurface measurements of the 
potential proximate the endocardial surface are desired. This 
catheter 38 includes both a ring electrode 39 and an extendable 
intramural electrode body 40. 

FIG. 7 illustrates the preferred use of an intramural 
electrode stylet 41 to retract the sharp intramural electrode 
body 40 into the reference catheter lead body 42. Motion of the 
intramural electrode body 40 into the lead body 42 is shown by 
arrow 43. 

FIG. 8 shows the location of the intramural electrode site 44 
on the electrode body 40. It is desirable to use a relatively 
small electrode site to permit localization of the intramural 
electrical activity. 

The array catheter 11 may be made by any of a variety of 
techniques. In one method of manufacture, the braid 15 of 
insulated wires 33,34,35,36 can be encapsulated into a plastic 
material to form the flexible lead body 12- This plastic material 
can be any of various biocompatible compounds with polyurethane 
being preferred. The encapsulation material for the flexible 
lead body 12 is selected in part for its ability to be 
selectively removed to expose the insulated braid 15 to form the 


deformable lead body 14. The use of a braid 15 rather than a 
spiral wrap, axial wrap, or other configuration inherently 
strengthens and supports the electrodes due to the interlocking 
nature of the braid. This interlocking braid 15 also insures 
that, as the electrode array 16 deploys, it does so with 
predictable dimensional control. This braid 15 structure also 
supports the array catheter 11 and provides for the structural 
integrity of the array catheter 11 where the encapsulating 
material has been removed. 

To form the deformable lead body 14 at the distal end of the 
array catheter 11, the encapsulating material can be removed by 
known techniques. In a prrf erred embodiment this removal is 
accomplished by mechanical removal of the encapsulating 
materially grinding or the like. It is also possible to remove 
the material with a solvent. If the encapsulating material is 
polyurethane, tetrahydrof uran or cyclohexanone can be used as a 
solvent. In some embodiments the encapsulating material is not 
removed from the extreme distal tip to provide enhanced 
mechanical integrity forming a distal braid ring 23. 

With the insulated braid 15 exposed, to form the deformable 
lead body 14 the electrodes sites can be formed by removing the 
insulation over the conductor in selected areas. Known 
techniques would involve mechanical, thermal or chemical removal 
of the insulation followed by identification of the appropriate 
conducting wire at the proximal connector 19. This method makes 
it difficult to have the orientation of the proximal conductors 


in a predictable repeatable manner. Color coding of the 
insulation to enable selection of the conductor/electrode is 
possible but is also difficult when large numbers of electrodes 
are required. Therefore it is preferred to select and form the 
electrode array through the use of high voltage electricity. By 
applying high voltage electricity (typically 1-3 KV) to the 
proximal end of the conductor and detecting this energy through 
the insulation it is possible to facilitate the creation of the 
electrode on a known conductor at a desired location. After 
localization, the electrode site can be created by removing 
insulation using standard means. 

Modifications can be made to this mapping catheter assembly 
without departing from the teachings of the present invention. 
Accordingly the scope of the invention is only to be limited only 
by the accompanying claims. 


